The purpose of the paper was to determine phenotype and genotype variability of yield components structure (number of grains, grain mass and 1000 grain weigh) as well as of the basic technological traits (sedimentation number, falling number, protein percentage content per grain). The research also considered the issue of pre-harvest sprouting. During each vegetation season rainfall and temperature were recorded. The examined material were the strains of F 6 -F 7 generation. Coefficients of correlation between the values of particular traits and mean temperatures and rainfall sum during a given season showed that yield component parameters were significantly modified by temperature; whilst warm vegetation seasons proved to be beneficial. Negative correlation between the rainfall sum and the number of grains and grain mass as well as 1000 grain weight suggests that the excess of water may be more detrimental for the yield than its shortage. Coefficients of correlation between the values of basic technological parameters and mean temperature were negative and not very high or low or even -insignificant, as in the case of falling number. High h 2 coefficients suggest a good heritability of yield components parameters, and yield per ear seem to be the trait that was transmitted best. Amongst the basic quality indicators, the highest heritability was observed in the case of falling number and the lowest one in the case of sedimentation number. The weakest genetic conditioning was observed in the case of resistance to sprouting, measured as the percentage of sprouting grains in the ear. It seems therefore that genetic variability was, to a large degree, masked by the environmental impact and, in spite of a high degree of genetic conditioning, the effectiveness of selection based on a visual evaluation of the forms rated for further cultivation might be limited.
INTRODUCTION
Demographic prognoses and economic conditions pose many challenges for agriculture, and, whereas in developing countries they concern mostly the quantity of the food produced, in the countries more economically developed, this problem concerns mostly its quality.
The profitability of cultivation is conditioned by so-called end-use quality of the grain obtained corresponding to the requirements of food industry. Meeting these requirements may be imepeded by weather anomalies ascribed to climatic changes. From computer simulations for Australia, it is seems that with regards to wheat, the waste in yield caused by global warming is estimated to be 29 % (Anwar et al. 2007) . Environmental impact on yield, and grain quality of wheat is also clearly observed in the region of the Mediterranean Sea (Asseng et al. 2008 , Schillinger et al. 2008 , where the basic problem is posed by the limitations in water availability. The research carried out by Chloupek et al.(2004) shows that although in European countries with moderate climate, these changes have a fairly mild progress with the observed increase of temperature, amounting in the last decade to 0.087 °C/year, proving to be beneficial for many cultivations, including cereals. It seems however, that the above-named authors fail to devote enough attention to the issue of water shortage. The research of winter wheat (Gut, Bichoński 2007) and barley (Gut et al. 2004) showed that in Poland, some periodic droughts are quite frequent phenomena having a significant influence on cereal quality parameters. It seems therefore necessary for the genotypes planned for the introduction into cultivation to have large adaptation abilities, giving high grain yield with high quality parameters, irrespectively of the weather conditions. Obtaining such forms, however, poses some serious difficulties. One of the causes of such a situation may be the fact that both "yield" and "quality" are generally defined as complex traits and thus they are treated collectively, although specific elements of this complex should rather be analysed and examined. It must also be remembered that both yield enhancing traits and those constituting its high value indicate a strong interaction between the genotype and environment and the strongest effects are observed with regard to the level and distribution of rainfall and temperatures (Dupont and Altenbach 2003, Gooding et al. 2003) The purpose of the paper was to determine phenotype and genotype variability of yield components structure (number of grains, grain mass and 1000 grain weight), as well as of the basic technological traits (sedimentation number, falling number, protein percentage content per grain). The research took also into consideration pre-harvest sprouting, because this is the first criterion of grain evaluation. The results of the research were analysed in the context of meteorological data (rainfall, tem-perature) in order to determine the degree in which the examined traits and correlations between them were changing under the influence of weather.
MATERIALS AND METHODS
The examined material were the strains of , with a standard level of fertilisation. In the phase of full maturity, samples of 3 × 3 ears were collected from each field in order to determine their resistance to sprouting; moreover 50 ears were collected for each field, as well, in order to determine yield the following component parameters: grain number and mass per ear and 1000 grains weight. Resistance to sprouting was determined in full maturity, by means of evaluating the sprout visible in cut ears, defined as the per cent of sprouted grains compared to the total number of grains per sample (Gut 2003) . Sedimentation number, falling number, protein content were determined in accordance with the methodology described by Cygankiewicz (2000) . During the entire vegetation period, the amount of rainfall and temperature were recorded with the use of a portable meteorological station -Wetterstation, Model WS 3600.
The results obtained were statistically processed (variance analysis, summary statistics, correlations) in Statistica 8.0 software. Moreover, general variability, phenotype and genotype as well as genotype conditioning coefficients were calculated, similarly as in the case of research of winter wheat (Gut, Bichoński 2007 and publications quoted therein).
RESULTS AND DISCUSSION
Both mean values and variability scopes of the examined traits differed in individual years (Table1). Analysis of variance (Table2) in single classification indicated a significant influence of the given year of research on the values of all examined traits; whereas Duncan test carried out (unpublished data) showed that the differences between the years: 2007, 2008, 2009 were significant both for yield competent parameters and basic technological traits. In the case of sprouting defined as a percent of sprouted grains in the cut artificially hydrated ears, significant differences were observed only between 2008 and 2009. The year 2008 was the most beneficial for yield component parameters. Among technological parameters, falling number was the trait that was changing the most and the protein content was the one changing the least. The largest variability was observed in the case of resistance to sprouting, and in 2008 the examined objects sprouted the most with differences in the resistance of particular strains being especially distinct (variability scope from 0 to 95% of the visible sprout). From the research of Biddulph et al. (2008) as well as earlier research on wheat and barley (Gut et al. 2004 , Gut, Bichoński 2007 it stems that temperature and rainfall have a decisive influence on the creation of both yield components parameters and quality traits. That is why, the authors of this paper concentrate on these two elements. In the course of the experiments, the distribution of rainfall and temperatures were analysed in much detail, however in order to clarify the image and facilitate the comparison, the weather graphs concerning particular years ( Fig.1 and 2) show the data for given months in the sowing to harvest. With the assumption that in the case of wheat, the rainfall level of 400 mm during the season guarantees a satisfactory supply of crops with water, whilst the level 300 mm means that there is water deficit (Uddin et al. 1992) , it may be stated that the year 2009 with the rainfall sum in the vegetation period amounting 423 mm was the most beneficial. The year 2007 was characterised by a slight shortage of water (378 mm rainfall/season). A distinct water deficit was observed in 2008, when only 268 mm rain fell during the entire season with a detrimental rainfall distribution as well (Fig.1 (Fig.1. and 2) with mean values of yield components parameters seem to allow for questioning the assumption concerning an optimal level of irrigation for wheat made by Uddin (1992) , which is the one generally accepted. On the other hand, however, the fact that must be taken into consideration is that in the case of yield measured with the grain mass per unit of land, a decisive factor proves to be the number of grains/m 2 (Fischer 2008) , which was not examined in this research.
Table2 One-factor analysis of the variations of the examined traits *-significant on the level of α=0.05 Table 3 Coefficients of correlation between mean temperature and the sum of rainfall in the vegetation season and the examined traits *-significant on the level of α=0.05
It must not be therefore excluded that in the case of lack of water, the decrease of tillering modifies high values of the yield components structure. The correlations between the values of individual traits and mean temperatures and rainfall sum during the season (Table3) have shown that the parameters of the yield components structure were significantly modified by the temperature, with warm vegetation seasons being favourable. The influence of rainfall, though significant, proved to be weaker.
A negative correlation between the rainfall sum and the grain number and grain mass per ear, as well as 1000 grains weight suggest that in the case of spring wheat, similarly as in the case of spring barley (Gut et al.2004 ) the excess of water may prove to be more adverse for the yield than its lack. This suspicion is confirmed by high mean values of these traits observed in 2008 (Table1).
In the case of basic technological parameters, the situation is opposite. The correlation coefficients of the examined traits with mean temperature are negative and not very high, and with rainfall sum -positive, low or even -as in the case of falling number -insignificant.
Sprouting in ears, in a significant way, however not very high (r=0.42) increases in a higher temperature, whereas a higher sum of rainfall has an inhibiting influence on this process. Perhaps this could be the result of the increase of the activity of alpha-amylase, which may be suggested by a negative correlation between temperature and falling number. To explanation this phenomenon, however, some additional research would be required, and this could reach beyond the scope of this work.
The above named significant differentiation of the examined forms (Table2) allowed to calculate the general variability coefficient (CV), phenotype variability coefficient (CV p ), genotype variability coefficient (CV g ), as well as genetic conditioning (H) as presented in Table 4 . per ear seems to be quite low. Among basic quality indicators, sedimentation number had the highest coefficient of genetic conditioning. Resistance to sprouting, measured as the number of sprouting grains in an ear, appeared to be weakly genetically determined. The comparison between the coefficients of genotype and phenotype variability shows a significant influence of environment on all the examined traits . It seems therefore that the genotype variability is here significantly masked by the environmental impact, which might decrease the efficiency of the selection based on visual evaluation of the forms typed for further cultivation. In the light of the data presented so far, it seems also that obtaining the forms resistant to sprouting would pose the biggest problem. This trait has both a low H coefficient and the highest phenotype variability. Therefore, a statement may be risked that the above described phenomenon is a basic cause of the difficulties in obtaining productive, quality forms resistant to sprouting, and the solution for the problem could be found in the selection based on the markers of the beneficial traits, independent from the environmental factors.
The necessity to combine a complex of utility traits within one genotype results in the fact that not only the determination of genetic variability and conditioning, but also of the correlations between the examined traits seem to be especially significant for cultivation. Some earlier research of winter wheat (Gut, Bichoński 2007) proved that the weather factors may also influence the correlations between the analysed quality parameters. It seemed therefore interesting to verify whether a similar phenomenon occurs in the case of spring wheat and, if so, in what degree. The correlation coefficients calculated in particular years of research (data not published in this paper) were generally not significant or the degree of their significance, or its presence or lack changed within particular years. With regards to the permanent set of genotypes and the place of research, the causes for this phenomenon may be found in the influence of climactic factors, whilst the data presented in table 3 suggest that the effect of their influence on particular traits was varied.
The coefficients of phenotype correlation calculated after the results of the experiments were averaged, thus after the environmental variability effect was eliminated, gave a totally different picture (Table 5 .) The correlations between all the examined traits proved to be significant although the coefficients of correlations were not too high. The coefficients of correlation between the yield component parameters seem to be obvious and, as such, they do not require any further discussion. What needs to be observed, however, are the negative coefficients of correlation between basic technological parameters and yield components structure parameters, seen only after the results of the three-years' experiments are averaged. Table 5 The coefficients of correlation between the mean values of the analysed traits *-significant on the level of α=0.05 A significant dependence between the falling number and sprouting calculated in cut ears might suggest the usefulness of this indicator in the evaluation of resistance to sprouting; however Mares and Mrva (2008) claim that with regards to late maturity α-amylase which is a genetic defect in some wheat cultivars, this indicator might prove misleading.
Probable correlations of this kind, which are difficult to determine in single year and single point experiments might be one of the reasons on obtaining forms combining yield and high technological value. The resistance to sprouting of the genotypes introduced into cultivation correlated negatively with the examined technological traits and positively correlated with yield components structure will most probably constitute a serious difficulty. Another thing which require staking into consideration is the genotype interaction with the method of evaluation of resistance to sprouting. That this why the issue of pre-harvest sprouting was discussed in a separate work, forming the second part of this work. 
